Immobilized polyphosphate kinase: preparation, properties, and potential for use in adenosine 5'-triphosphate regeneration.
Polyphosphate kinase (ATP:polyphosphate phosphotransferase; EC 2.7.4.1), partially purified from Escherichia coli, has been immobilized on glutaraldehyde-activated aminoethyl cellulose with a 10% retention of enzymatic activity. The immobilized enzyme can carry out the synthesis of ATP from ADP, using long-chain inorganic polyphosphate as a phosphoryl donor. Chromatographic analyses of the product mixture produced from ADP and [32P]polyphosphate demonstrated that 98% of the 32P was incorporated into ATP, indicating that the immobilized polyphosphate kinase is substantially free from contaminating polyphosphate phosphohydrolase (EC 3.6.1.11), adenosine triphosphatase (EC 3.6.1.4), and adenylate kinase (EC 2.7.4.3). Immobilized polyphosphate kinase loses no activity when stored in an aqueous suspension for 2 months at 5 degrees C or for 1-2 weeks at 25 degrees C. It may be stored indefinitely as a lyophilized powder at -10 degrees C. Michaelis constants for ADP and polyphosphate were determined to be 160 and 120 microM, respectively, for the immobilized enzyme. A small-batch reactor was found to produce ATP linearly with time up to 65% conversion of polyphosphate into ATP and to attain greater than 85% conversion to ATP at equilibrium. The ease of purification and immobilization of E. coli polyphosphate kinase, its storage stability, the purity and yield of its ATP product, and the low values of the Michaelis constants for its substrates make it a highly promising enzyme for ATP regeneration.